Objective: Elevated calcium concentration is a commonly used measure in screening analyses for primary hyperparathyroidism (pHPT) and cancer. Low bone mineral density (BMD) and osteoporosis are common features of pHPT and strengthen the indication for parathyroidectomy. It is not known whether an elevated calcium concentration could be a marker of low BMD in suspected pHPT patients with a normal parathyroid hormone concentration. Purpose: To study if low BMD and osteoporosis are more common after ten years in patients with elevated compared with normal calcium concentrations at baseline. Design: Prospective case control study. Setting: Primary care, southern Sweden. Subjects: One hundred twenty-seven patients (28 men) with baseline elevated, and 254 patients (56 men) with baseline normal calcium concentrations, mean age 61 years, were recruited. After ten years, 77% of those still alive (74 with elevated and 154 with normal calcium concentrations at baseline) participated in a dual energy x-ray absorptiometry measurement for BMD assessment and analysis of calcium and parathyroid hormone concentrations. Main outcome measures: Association between elevated and normal calcium concentration at base-line and BMD at follow-up. Correlation between calcium and parathyroid hormone concentrations and BMD at follow-up. Results: A larger proportion of the patients with elevated baseline calcium concentrations who participated in the follow-up had osteoporosis (p value ¼ 0.036), compared with the patients with normal concentrations. In contrast, no correlation was found between calcium or parathyroid hormone concentrations and BMD at follow-up. Conclusions: In this study, patients with elevated calcium concentrations at baseline had osteoporosis ten years later more often than controls (45% vs. 29%), which highlights the importance of examining these patients further using absorptiometry, even when their parathyroid hormone level is normal.
Introduction
An elevated calcium concentration in serum and plasma is a marker of a multitude of illnesses, the most prevalent being primary hyperparathyroidism (pHPT), cancer, renal disease and sarcoidosis [1] . The possibilities offered by multichannel biochemical analysis, introduced some decades ago, have led to increased use of the calcium analysis in primary care [2] [3] [4] in screening for pHPT, a condition difficult to detect due to the often subtle symptoms [5, 6] . Among other things, pHPT causes secondary osteoporosis, with low bone mineral density (BMD) [7, 8] , also in mild or asymptomatic pHPT [5, 8, 9] . Not all patients with pHPT are treated surgically, but the presence of osteoporosis strengthens the indication for parathyroidectomy [10] . Measurement of BMD is therefore included in the investigation of patients with suspected pHPT [9] .
Osteoporosis is very common in Sweden [11, 12] and is difficult to detect, as there are few symptoms before a fracture occurs [13, 14] . For this reason, it is often undertreated [15] . The first clinical manifestations of osteoporosis are fragility fractures, primarily of the distal forearm, the humerus or the proximal femur, often caused by minor trauma [16] , or of the vertebrae, without apparent trauma, which make them difficult to detect [17] . Factors known to increase the risk of fragility fractures are smoking, family history of hip fractures, oral corticosteroid medication, body mass index below 20 kg/m 2 , extensive alcohol intake and menopause before age 45 years [12, 16] . Whether elevated calcium concentrations are associated with an increased risk of osteoporosis is controversial. In a population-based screening study, serum calcium was negatively correlated with BMD in both the vertebrae and the total body. However, parathyroid hormone (PTH) had no association with BMD at any site [18] . Other studies, on the other hand, found no relationship between BMD and calcium [19, 20] or PTH concentrations [19] .
In primary health care, many patients with single elevated calcium concentrations do not have pHPT [21] . Still, if there is a relationship between calcium concentrations and BMD or osteoporosis it would indicate a need to investigate patients with elevated calcium concentrations further, despite normal PTH levels, with dual energy x-ray absorptiometry (DXA). Efforts to find patients with osteoporosis before they are affected by complications are essential to reduce suffering and death for the individual patient and increased costs for society [12, 22] .
The primary aim of this study was to investigate if osteoporosis at follow-up is more common among patients with elevated or normal calcium concentrations at baseline in the primary health care setting. The secondary aim was to investigate if there is a correlation between baseline calcium and PTH concentrations or BMD at follow-up.
Material and methods

Study subjects
Tibro is a rural community in Sweden with 11,000 inhabitants and with only one primary health care centre (HCC) during the study period. The medical records of all patients with elevated calcium concentrations between 1995 and 2000 (baseline) have previously been studied [23] , Figure 1 . At baseline, 127 patients with an elevated calcium concentration !2.56 mmol/l (reference range 2.15-2.55) in at least one test were identified. Two age and sex-matched controls (n ¼ 254) from the same HCC with baseline calcium <2.45 mmol/l were selected for each patient, as previously described [6, 21] . Individuals with baseline calcium concentrations between 2.45-2.55 mmol/L were excluded to get a better contrast between the groups. Diseased participants (41%, 53/127 with baseline elevated calcium; 39%, 100/254 with normal calcium concentrations) and those not investigated with DXA (5%, 6/127 with elevated, and 6%, 14/254, with normal calcium concentrations at baseline respectively) were omitted from the current study.
All study participants who were alive at the time of follow-up in July, 2011; 74 (127-53, 58%) with elevated and 154 (254-100, 61%) with normal calcium concentrations at baseline were invited by mail to participate. Non-responders were contacted by telephone. At a visit to the HCC, all participants were interviewed by a nurse about their medical history and current medication using a structured questionnaire. Non-fasting blood samples were drawn and analysed for calcium (reference range 2.15-2.50), ionised calcium and intact PTH [6, 21] . Individuals who had moved from the community were interviewed by phone, and blood samples were taken at their local HCC. The study was performed according to the declaration of Helsinki and approved by the ethics committee of the Regional Ethical Review Board in Gothenburg, 2008 (Reg. no. 696-07).
Bone density measurement
BMD was measured by DXA at Unilabs in Sk€ ovde, using the Lunar Prodigy bone densitometer (GE Medical Systems Lunar Corporation, Madison, Wisconsin, USA). All measurements were made with the same densitometer, except in patients (n ¼ 10) who had moved to other parts of the country. In these patients, the BMD measurement was carried out using eight other densitometers from the same manufacturer. BMD is reduced in pHPT patients, especially in cortical bone, such as the radius [7, 24] . We therefore supplemented the accepted osteoporosis diagnosis method according to the WHO with measurement of BMD in the lumbar spine (L2 to L4) in the anterior-posterior direction and the femur neck, using DXA [16] with the non-dominant radius.
The results are presented as BMD (g/cm 2 ) and a Tscore. T-scores were calculated as the difference in standard deviations (SD) from the mean for the patient's age and sex. The patients in the study were Caucasian with few exceptions, and non-Hispanic whites were used as the reference population (provided by the manufacturer). The þ values indicate higher and the À values lower BMD on DXA, compared with the reference population. According to the WHO definition, a T-score of À1.0 or higher is normal, a T-score of À2.5 or lower indicates osteoporosis, and osteopaenia is defined as a T-score between À2.5 and À1.0 [16] .
Osteoporosis and osteopaenia
We divided the participants into three groups based on the results of the BMD measurements at follow-up: osteoporosis, osteopaenia and normal BMD. If discordant findings were seen in different skeletal locations in a patient, the lowest value defined the group to which the patient belonged. A lateral projection with vertebral fracture assessment was performed in connection with the BMD measurement at follow-up in order to detect vertebral compression fractures, and was assessed at the discretion of the DXA physician and the co-author (EA) [17] .
Statistics
Descriptive statistics were presented and comparisons between groups were performed using the T test, the Chi-squared test and the Mann-Whitney U test, depending of the type of data included in the analysis. Data are given as means ± SD and medians with the 10th and 90th percentile in Table 1 , and as means ± SD in Table 2 . The association between two variables was tested using the Spearman rank correlation test. A p value < 0.05 was considered statistically significant. All statistical analyses were performed using the IBM SPSS 22.0 statistical package for Windows (Armonk, NY: IBM Corp).
Results
Of the patients still alive at follow-up, 74 (15 men) had elevated and 154 (40 men) had normal calcium concentrations at baseline, Figure 1 . The participation rate in the DXA measurement in those still alive was the same in the group with elevated as in the group with normal calcium concentrations at baseline, 77%.
The most common reasons for not attending the DXA assessment were being bed-ridden or having severe dementia. However, due to more deaths among men with baseline elevated calcium concentrations, BMD was measured at follow-up in 11/28 (39%) men in the 
Study subjects
The characteristics of the study subjects are presented in Table 1 . In the group with baseline elevated calcium concentrations, the median value at baseline was 2.60 (2.56-2.78, 10th and 90th percentile), and 2.45 mmol/L (2.27-2.58, 10th and 90th percentile) at follow-up. Body constitution (body height and weight) did not differ between the groups with elevated and normal calcium concentrations at baseline. Furthermore, the only significant difference between two groups Table 2 was that the total group and women with baseline elevated calcium concentrations had been using oral corticosteroids for long periods compared with those with normal calcium concentrations. Thus there no significant differences between the groups with elevated and normal calcium concentrations at baseline regarding previous fractures (distal forearm, humerus, proximal femur and vertebra), family history of fractured hip, age at menopause, smoking habits or low BMI, and medication with multivitamins, oestrogens or dihydrotachysterol (data not shown).
Bone density measurement
Women with baseline elevated calcium had lower BMD at follow-up than, the group with baseline normal calcium concentrations; however, the difference was not significant, Table 2 . No correlation was found between serum calcium or PTH and BMD at follow-up (data not shown).
Osteoporosis and osteopaenia
The majority of the patients who participated in the follow-up were diagnosed with osteoporosis or osteopaenia, Figure 2 (A). In the group with baseline elevated calcium concentrations, there was a greater proportion of patients with osteoporosis, 45% vs. 29%, but a smaller proportion of patients with osteopaenia, 29% vs. 49%, compared with the group with normal calcium concentrations (p value ¼ 0.036). As expected, osteoporosis was more common among women than men, Figure 2 (B). More than 50% of the women with baseline elevated calcium concentrations had osteoporosis. Vertebral fracture assessment was performed in approximately 90% of the bone density measurements. Fifteen per cent of the patients with elevated (9/57) and 14% with normal calcium concentrations (17/118) at baseline had vertebral compression fractures (p value = 0.83), Table 2 . The majority of the patients with vertebral fractures met the criteria for a diagnosis of osteoporosis by DXA, but four patients with elevated and three with normal calcium concentrations at baseline had osteopaenia. More than50% in the total group with baseline elevated calcium concentrations had osteopaenia combined with manifest vertebral fractures, or osteoporosis (data not shown).
Discussion
In this reinvestigation, significantly more patients with baseline elevated calcium concentrations had osteoporosis, compared with controls with baseline normal calcium concentrations (45% vs. 29%). This difference remained, despite treatment of patients with pHPT according to clinical guidelines [9, 10] and ten years having lapsed since the baseline investigation.
Bone density measurement
Some studies found a correlation between calcium and BMD [18] , while others did not [19, 20] . In our study we could not find a correlation between baseline calcium and BMD ten years later. One explanation could be that the BMD measurement was performed in a follow-up survey, in which the majority of those with baseline elevated calcium concentrations had been normalised, compared with other studies with higher calcium concentrations in connection with the BMD investigation [18] .
Osteoporosis and osteopaenia
We could not find any correlation between the baseline calcium concentration and the follow-up BMD levels. However, there was an association between the calcium concentrations when patients were assigned to the clinical conditions of osteoporosis, osteopaenia and normal BMD based on the overall BMD assessment. Because the material was small, the pathological outcomes in the different measurement localisations were few and no difference could be detected when these points were studied separately or when osteoporosis, osteopaenia and normal BMD were distributed by gender. On the other hand, the overall assessment and assignment of patients to the diagnoses of osteoporosis and osteopaenia are clinically relevant and the rationale for treatment [12] . Osteoporosis in 29% of patients with normal calcium concentrations is in line with the report by the Swedish National Board of Health and Welfare, which shows that osteoporosis diagnosed by BMD is present in every third woman aged 70-79 years [12] . Vertebrae affected by degenerative changes with reactive osteophytes may result in a misleading, high BMD measurement, and the diagnosis of osteoporosis may thus be underestimated [25] . This is most common among elderly women, of whom there was a large number in our study. Under these conditions, it is a great advantage to include a vertebral fracture assessment and a comprehensive assessment in the investigation. Vertebral compression fracturesanother obstacle in the assessment -may also be found, which is important, as these patients should receive prophylactic treatment for osteoporosis, irrespective of their BMD when over 50 years of age [17] .
The group with baseline elevated calcium concentrations had been treated with oral corticosteroids for extended periods more frequently than the group with normal calcium concentrations. Corticosteroids have a wide variety of effects on bone, largely due to a reduction in bone formation combined with sustained bone destruction [26] . Fractures are one of the most feared side effects. It is, however, less likely that corticosteroids are the cause of the elevated calcium concentrations, as they decrease the intestinal calcium absorption by decreasing the expression of calcium channels in the duodenum [27] . Nowadays, bisphosphonate should be given to patients at risk at the start of treatment with an expected duration >3 months [12, 28] . Unfortunately, we have no data on bisphosphonate treatment in patients on oral corticosteroids for long periods of time. A blueprint for future research would be to study the potential association between elevated calcium concentrations and oral glucocorticoid treatment.
There has been increasing interest around the world in recent years in a variant of pHPT that seems to be little known in primary care; a mild type of pHPT where the patient has an elevated calcium concentration with a normal, non-suppressed PTH concentration [4] . The normal physiological reaction to elevated calcium should be a very low or undetectable PTH concentration [10, 29] . Measurement of BMD in patients with elevated calcium concentrations and normal PTH concentrations, who do not seem to be candidates for parathyroidectomy, could lead to an early diagnosis of osteoporosis before fractures develop. By using 24-hour urine calcium sampling is it possible to distinguish these patients from patients with the unusual, congenital and benign condition of familial hypercalcaemic hypocalciuria, which is not ameliorated by surgery [10] .
Strength
The strength of this study was the high participation rate, 77%, in the DXA investigation, probably due to the study being confined to one HCC and transport to the survey site being offered to those who so desired. Another advantage was that the study setting in ordinary primary health care, which is of benefits when inferring the results to other primary health care settings [30] . To our knowledge, no previously published study has addressed hypercalcaemia irrespective of PTH levels and its association with BMD in the primary health care setting.
Limitation
In this follow-up, 42% of patients with elevated and 39% with normal calcium concentration at baseline were diseased at follow-up and could not participate. Moreover, those who participated had been treated during follow-up, for example with bisphosphonates, which may have increased their BMD at follow-up [8, 12] . Furthermore, almost a fourth of the group with baseline elevated calcium concentrations had undergone parathyroidectomy, which may have increased their BMD after ten years [18] . DXA investigations at baseline would have been a better option according to the objective of the study. In the current study, the effect of the markers at baseline was probably diluted as a result of different treatment effects during follow-up.
Furthermore, for practical reasons the DXA examinations were carried out using several different devices that were not calibrated against each other. To minimise deviations in the results, all investigations were performed using devices from the same manufacturer. Analysis of total calcium is used as a screening method in primary health care, but it is subject to many sources of error and should be supplemented with analysis of ionised calcium to determine hypercalcaemia accurately [1] . A prospective study with repeated calcium analyses supplemented by an ionised calcium analysis would have been preferable.
Conclusions
This study showed that patients with baseline elevated calcium concentrations at follow-up had osteoporosis significantly more than controls with baseline normal calcium concentrations (45% vs. 29%). More than 50% of the women with baseline elevated calcium concentrations fulfilled the criteria for osteoporosis. An elevated calcium concentration in a patient should therefore lead to further investigation with BMD measurement by DXA, regardless of the PTH concentration. In a further perspective, these results are of great interest to physicians in order to improve prevention and treatment for patients with osteoporosis, as osteoporosis, low energy fractures and hypercalcaemia are severe conditions involving high costs for society in countries in Northern Europe.
